The authors report the case of a 31-year-old man who developed neck pain and headache 2 months after the uncomplicated resection of a cervical schwannoma. MR imaging revealed infratentorial subdural fluid collections and obstructive hydrocephalus associated with cervical pseudomeningocele. The clinical symptoms, subdural fluid collections, and ventricular dilation resolved after surgical correction of the pseudomeningocele. This report emphasizes that hydrocephalus may be related to disorders of cerebrospinal fluid flow dynamics induced by cervical pseudomeningocele. In these rare cases, both the hydrocephalus and the symptoms are resolved by the simple correction of the pseudomeningocele.
H ydrocepHalus following spinal tumor resection is a rare occurrence. 3, 5, 14 Hyperproteinorrachia, subarachnoid blood-contaminated CSF, and secondary basal arachnoiditis are considered to be the etiological factors. 3 In some instances, the development of postoperative hydrocephalus may be associated with abrupt clinical deterioration requiring ventriculoperitoneal (VP) shunt placement to relieve increased intracranial pressure. The appearance of postoperative ventricular dilation and subdural fluid collections is extremely unusual and poses pathophysiological and therapeutic dilemmas. In this report, we illustrate a case of subacute hydrocephalus associated with subdural fluid collection and spinal pseudomeningocele occurring a few months after cervical schwannoma resection. The resolution of hydrocephalus following pseudomeningocele repair sparks new insights into the pathogenesis of this unusual condition.
case report

History and Examination
A 31-year-old man with a 2-year history of clumsiness in his left hand underwent an uneventful resection of a C4-6 dumbbell schwannoma at another hospital ( Fig.   1 ). Two months later, he was admitted to our department with symptoms of neck pain and headache. The patient was afebrile and no CSF leakage was detected. MRI of the cervical spine revealed a significant pseudomeningocele extending from C-4 to C-6 (Fig. 2) . MRI of the brain demonstrated infratentorial subdural fluid collections and a triventricular hydrocephalus (Evan's index 0.33) (Fig. 2) .
Operation
The patient's hydrocephalus was considered to be related to subdural fluid collections and pseudomeningocele. It was thus decided to treat the pseudomeningocele first, with a VP shunt only being considered as a second option. The patient underwent pseudomeningocele exploration and dural repair. No lumbar drainage was inserted after induction of general anesthesia or postoperatively. Under microscopic magnification the dural breach was explored, which revealed intermittent CSF leaks during the systolic phase through a small arachnoid defect and protrusion of the spinal cord through the dural-arachnoid defect during the diastolic phase. The arachnoid veil protruding through the dural breach was widely fenestrated, and the dura was rendered watertight with an artificial graft by using 4-0 nonabsorbable sutures (Fig. 3) . Subdural fluid collection and hydrocephalus following cervical schwannoma resection: hydrocephalus resolution after spinal pseudomeningocele repair: case report
Postoperative Course
After the operation, the patient experienced immediate improvement in his preoperative symptoms, and a CT scan revealed that normal ventricular size (Evan's index 0.26) had been restored. At the 1-month follow-up, the patient was headache free, and an MRI study obtained at that time revealed that both the hydrocephalus and infratentorial subdural fluid collections had been resolved. Resolution of the cervical pseudomeningocele was also evident (Fig. 4) .
Discussion
The association of hydrocephalus and intraspinal tumors is a rare but well-known condition, which usually resolves following tumor resection. 9 Several hypotheses have been made to explain this association, including hyperproteinorrachia with CSF hyperviscosity, spinal subarachnoid hemorrhage, and epidural venous compression. 5, 14 The occurrence of hydrocephalus after resection of intraspinal tumors is extremely unusual. Bland and McDonald 3 reported the case of a 58-year-old man who developed communicating hydrocephalus 1 month after an otherwise uneventful resection of a cervical schwannoma. The patient presented with signs of intracranial hypertension and underwent VP shunt placement, resulting in resolution of symptoms. The authors speculated that both hyperproteinorrachia and subarachnoid bleeding might have been the etiological factors in the development of hydrocephalus.
Montemurro et al. 10 described a case of hydrocephalus associated with craniocervical pseudomeningocele after the resection of a dumbbell-shaped C-2 neurofibroma in a patient with neurofibromatosis Type 1. The authors treated the patient with VP shunting and hypothesized that postoperative pseudomeningocele at the craniocervical junction had interfered with the free CSF flow, resulting in progressive ventricular dilation.
Our case differs from the other reported cases in that ventricular dilation occurred in association with infratentorial subdural fluid collection and cervical pseudomeningocele. Although the present report shares some similari- ties with reported cases of external hydrocephalus, 4,7,8,15 its pathophysiological mechanism is probably different. External hydrocephalus, which was originally described in pediatric patients with enlargement of the subarachnoid or subdural space in association with increased intracranial pressure, 1 has been subsequently described in adults after trauma and subarachnoid hemorrhage. 4, 7 Paradoxically, in external hydrocephalus the ventricular system increases in size when the CSF accumulates in the subdural space. 2, 4, 15 Although the underlying mechanisms of this condition are largely unknown, it has been proposed that a tear in the arachnoid membrane and an imbalance between production and absorption of CSF play a pivotal role in its pathophysiology. 4, 15 In the present case, the development of infratentorial subdural fluid collection exerted compression of the cerebellum with resultant obstructive hydrocephalus. We propose that 2 key factors are relevant to our case: a dural-arachnoid tear, and the occurrence of cervical pseudomeningocele. It is conceivable that the small duralarachnoid defect led to pseudomeningocele formation, acting as a ball-valve mechanism (Fig. 5) . In this scenario, the defect allowed a 1-way flow of CSF toward the postoperative bed of the paraspinal cervical musculature. According to Laplace's law, the pressure in the pseudomeningocele remained relatively stable until the radius of the cavity continued to increase. When the paraspinal muscles hindered the cavity growth, the pressure inside the pseudomeningocele increased and the CSF dissected the spinal dura-arachnoid interface (Fig. 6 ). This concept was previously hypothesized by Ranjan and Cast. 13 In addition, the separation of arachnoid and dura eventually extended toward the subdural space of the craniovertebral junction and the posterior fossa. The development of subdural fluid collections in the posterior fossa led to compression of the cerebellum and the fourth ventricle and obstruction of CSF circulation in the posterior fossa cisterns with resultant triventricular hydrocephalus. Interestingly, the occurrence of hydrocephalus associated with subdural fluid collections and pseudomeningocele has been described after posterior fossa decompression for Chiari malformation. 6, 11, 12 In these cases, hydrocephalus resolution occurred after temporary ventricular drain placement or permanent shunting. 6, 11, 12 The subdural fluid collections and the hydrocephalus in our patient were thought to be related to the pseudomeningocele, leading to a dysfunction of CSF flow. Accordingly, we decided to treat the pseudomeningocele. Closure of the dural-arachnoid defect with resultant elimination of the pseudomeningocele was the only surgical maneuver performed during reoperation and allowed for normalization of CSF flow, with disappearance of subdural fluid collections and hydrocephalus. In this report we provide unprecedented evidence that the development of a postoperative pseudomeningocele at the cervical level can be sufficient to deeply alter the CSF flow dynamics at the cranial level, with resultant hydrocephalus.
conclusions
Hydrocephalus can occur after surgical treatment of intradural cervical tumors. In our patient, the occurrence of a postoperative pseudomeningocele led to the development of subdural fluid collections and eventually to obstructive hydrocephalus. When pseudomeningocele and hydrocephalus are present, surgical correction of the pseudomeningocele determines resolution of hydrocephalus. A proper understanding of the pathophysiological cascade giving rise to both the symptoms and the hydrocephalus allows for effective treatment of this unusual condition. 
